It has recently been pointed out that combined B d → π ∓ K ± and B ± → π ± K branching ratios provide interesting constraints on the angle γ of the unitarity triangle. We show that it is also possible to obtain bounds on γ from the time evolution of untagged B s → K + K − and B s → K 0 K 0 decays, provided the B s system exhibits a sizeable width difference ∆Γ s . These bounds can be shown to be even stronger than those arising from the combined B u,d → πK branching ratios. In order to go beyond these bounds and to extract γ separately from the B u,d → πK and B s → KK modes, the magnitudes of the corresponding colourallowedb →ūus current-current amplitudes have to be known, leading to hadronic uncertainties. We point out that such an input can be avoided by using rather mild SU (3) flavour symmetry arguments to relate the observables of the B u,d → πK and untagged B s → KK transitions. The impact of new-physics contributions to B 0 s -B 0 s mixing for the B s → KK decays is also discussed.
Introduction
The determination of the angle γ of the usual non-squashed unitarity triangle [1] of the Cabibbo-Kobayashi-Maskawa matrix (CKM matrix) [2] is considered as being very challenging from an experimantal point of view [3] . An experimentally feasible approach using the decays B 0 d → π − K + , B + → π + K 0 and their charge conjugates was proposed in [4] . These decays have been observed recently by the CLEO collaboration [5] . The corresponding decay amplitudes can be written as [6] A(B + → π
(1)
where P ′ and P ′ denote QCD penguin amplitudes, P ′C EW and P ′C EW correspond to coloursuppressed electroweak penguin contributions, and T ′ is a colour-allowedb →ūus current-current amplitude. The primes remind us that we are dealing withb →s modes, the minus sign in (2) is due to our definition of meson states [7] , and c u = +2/3 and c d = −1/3 are the up-and down-type quark charges, respectively. The colour-suppressed electroweak penguin contributions P ′C EW and P ′C EW in (1) and (2) are expected to play a very minor role with respect to the QCD penguin amplitudes P ′ and P ′ [3, 4, 8] . Note that in (1) we omitted a highly suppressed annihilation amplitude that should play an even less important role than the colour-suppressed electroweak penguins [9] .
Neglecting the tiny electroweak penguin contributions and using the SU(2) isospin symmetry of strong interactions, implying P ′ = P ′ , yields
Within the framework of the Standard Model we have moreover
where γ is the usual angle of the unitarity triangle and δ T ′ denotes a CP-conserving strong phase, and [3, 10] 
Since in the latter expression only a trivial weak phase factor e iπ = −1 shows up and δ P ′ is again a strong phase, we have
The theoretical accuracy of this equation is limited by highly CKM-suppressed terms that may lead to direct CP-violating asymmetries in B ± → π ± K of at most O(1%) [3, 11] . It should be stressed that (5) does not require the questionable assumption of top quark dominance of QCD penguins [3, 10, 12] . The amplitudes P ′ , P ′ contain by definition also long-distance contributions, such as the rescattering processes
to QCD penguin topologies with internal charm and up quarks, respectively, which are very hard to estimate.
Combining all these considerations, we arrive at the relations
which can be represented in the complex plane as two triangles. If the corresponding B u,d → πK branching ratios are measured and |T ′ | is known, these triangles allow a determination of γ [4] . A possibility to fix |T ′ | is to use "factorization", yielding [6] |T
Here λ = 0.22 is the usual Wolfenstein parameter [13] and F Bπ denotes a quark-current form factor [14] . The presently allowed range for |V ub | is given by (3.2 ± 0.8) · 10 [16] . From a theoretical point of view, a 1 is very stable for B decays and lies within the range a 1 = 1.01 ± 0.02 [17] . Although the factorization hypothesis [18] is in general questionable, it may work with reasonable accuracy for the colour-allowed current-current amplitude T ′ [19] . Using the form factor F Bπ (M 2 K ; 0 + ) = 0.3 as obtained in the BSW model [14] yields
An alternative strategy to determine |T ′ | is to employ the mode B + → π + π 0 receiving both colour-allowed and colour-suppressed current-current and negligibly small electroweak penguin contributions. Assuming flavour SU(3) symmetry and neglecting the colour-suppressed current-current contributions gives
where f K /f π takes into account factorizable SU(3) breaking. The "definite" answer for |T ′ | may come from lattice gauge theory one day. Another approach to determine γ, which requires also the knowledge of a colourallowedb →ūus current-current amplitude, was proposed in [20] . It makes use of the counterparts of the B u,d → πK decays discussed above where the up and down spectator quarks are replaced by a strange quark. Neglecting again tiny electroweak penguin contributions (and even less important exchange topologies) and using the SU(2) isospin symmetry of strong interactions to relate the QCD penguin contributions, the decay amplitudes of these modes take the form
corresponding to (1) and (2 [21] , provides an alternative route to explore CP violation [22] . Recently several strategies have been proposed to extract CKM phases from such untagged B s decays [20, 22, 23] (for a review see [24] ).
Using the decay amplitudes given in (12) and (13), the corresponding untagged rates, which are defined by
take the form [20] 
and
where
is a phase-space factor and
with
Since the untagged B s → K 0 K 0 rate (15) measures C |P ′ s | 2 , which gives the normalization of the untagged B s → K + K − rate, both a and b can be determined from (16) . If the amplitude ratio r s is known, the CKM angle γ and the strong phase δ s can be determined from these observables. Since |P ′ | is fixed through the untagged B s → K 0 K 0 rate, this required input actually corresponds to the magnitude of the colour-allowed currentcurrent amplitude T ′ s , which can be determined as sketched above and introduces some model-dependence into the extracted value of γ. Let me note that such an input is not needed in the case of the transitions B s → K * 0 K * 0 and B s → K * + K * − . Since the angular distributions of these decays provide many more observables than the corresponding pseudoscalar-pseudoscalar modes, the SU(2) isospin symmetry suffices to extract γ from their untagged data samples [20] .
The outline of this paper is as follows: in Section 2 we discuss bounds on γ arising from the combined
± → π ± K branching ratios and the time evolution of the untagged
In Section 3 it is pointed out that the two strategies discussed above employing these decays to measure γ can be combined with each other by using rather mild SU(3) flavour symmetry arguments. Following these lines, the magnitudes of colour-allowedb →ūus current-current amplitudes are not needed as an input, but can be determined simultaneously with the CKM angle γ and CP-conserving strong phases. The impact of new-physics contributions to B While the determinations of γ from the B u,d → πK and untagged B s → KK decays discussed in the previous section require information about the magnitudes of colourallowedb →ūus current-current amplitudes -introducing some model-dependence into these approaches -it is interestingly possible to obtain bounds on γ from the corresponding decay rates that do not depend on such current-current amplitudes and are therefore on solid theoretical ground.
The B u,d → πK Case
As has already been noted, experimental data for these decays is now starting to become available. So far the CLEO collaboration has presented only results for the combined branching ratios:
with large experimental uncertainties [5] :
Consequently, it is not yet possible to determine γ as has been proposed in [4] . However, as was pointed out in [6] , we are in a position to obtain bounds on γ from these combined branching ratios that are of the form
and are hence complementary to the present range 42
• arising from the usual fits of the unitarity triangle [15] .
In general, γ 0 depends both on the amplitude ratio
introduced in analogy to (20) , and on the measurable ratio
of combined branching ratios (the CP-conserving strong phase δ corresponds to δ s defined in (20)). However, if R is found to be smaller than 1 -its present experimental range is R = 0.65 ± 0.40 -the quantity γ 0 takes a maximal value
which does not require any information about r, i.e. |T ′ |. In that case the bounds on γ can be regarded as theoretically reliable [6] . A detailed analysis of the implications of these bounds has been performed in a recent paper [25] . Let me note that analogous bounds, which can be expressed as
arise of course also for the strong phase, since R is symmetric in γ and δ.
The B s → KK Case
At first sight, the observables a and b specified in (18) and (19) , which can be extracted from the time evolution of the untagged B s → K 0 K 0 and B s → K + K − decay rates, allow us to obtain a similar bound on γ as the B u,d → πK rates. The point is that
corresponds exactly to the ratio R of combined B u,d → πK branching ratios defined in (27) .
A closer look shows, however, that it is possible to derive more elaborate bounds from the untagged B s → KK decay rates. To this end, we eliminate the amplitude ratio r s in (18) through (19) , yielding
The first implication of this expression is a bound
on the CP-conserving strong phase δ s , which becomes non-trivial once a is found experimentally to be smaller than 1. Moreover, if we keep δ s as an unknown, free parameter in (31), we get
which corresponds to the allowed range
for γ with
The bounds arising if R s is measured to be smaller than 1, which correspond to those from the combined B u,d → πK branching ratios for R < 1, can be expressed as
There are two differences between this bound and the one given in (33). First, (33) allows us to exclude γ = 0 or π. Second, the bound (33) is more stringent than the R s -bound (36), i.e. excludes a larger region around γ = 90
• , if we have
This unequality is, however, equivalent to
which is trivially satisfied, unless
In that particular case, we have γ 2 = γ max 0,s , so that (33) and (36) exclude the same region around γ = 90
• . Needless to note, besides a sizeable width difference ∆Γ s and non-vanishing values for a and b, the bound (33) does not require any constraint on these observables such as a + b < 1, which is needed for (36) to become effective. So far, we have discussed the B u,d → πK and B s → KK decays separately. As we have just seen, interesting and stringent bounds on γ may arise from the corresponding observables. The goal is, however, not only to constrain γ, but to determine this angle eventually. If we consider B u,d → πK and B s → KK separately, information about colour-allowedb →ūus current-current amplitudes is needed to accomplish this task [4, 20] . As we will see in this section, such an input introducing hadronic uncertainties into these methods of extracting γ can be avoided, if the SU(3) flavour symmetry of strong interactions is applied in a rather mild way. Using -as in the previous discussion -the SU(2) isospin symmetry and neglecting tiny electroweak penguin contributions, the direct CP-violating asymmetry
originating from interference between current-current and penguin operator contribu-
The amplitude ratios r s and r can be related to each other straightforwardly through
where ζ parametrizes SU(3) breaking related to the s and u, d spectator quarks in the modes B s → KK and B u,d → πK, respectively. In the strict SU(3) limit we have ζ = 1. To include SU(3) breaking in such a way will turn out below to be useful. It is an easy exercise to eliminate the term r sin γ in (41) with the help of (19) and (42) yielding
Inserting
into the expression for R given in (27) , we get
where η ≡ sgn(cos δ − r cos γ) .
The discrete ambiguities arising in these expressions could be considerably reduced if one were willing to use model-estimates based mainly on "factorization", yielding η δ = +1 and η = +1 [6, 26] . Note that (47) and (48) do not require a non-trivial strong phase δ, i.e. they work also for k = 0.
In the expressions given above we have kept SU(3) breaking explicitly through the parameter ζ. This will turn out to be useful once SU(3) breaking can be controlled in a quantitative way. As a first "guess", we may use ζ = 1, which appears to be a rather mild SU(3) input since ζ describes SU(3) breaking that originates only from different spectator quarks, which should play a minor role for the decay dynamics. One may also vary ζ within a reasonable range to get some feeling for the uncertainties arising from possible SU(3) breaking. As soon as the B u,d → πK observables A CP and R and the B s → KK observable b have been measured, δ, r and γ can be determined from (43), (47) and (48), respectively, up to certain discrete ambiguities. Using (42), r s can also be determined through r s = √ ζ r. The observable a, which we did not use so far, allows us in addition to extract the strong phase δ s , if we insert (47) in
Before turning to a discussion of new physics, let us make a few remarks about the amplitude ratio r ≡ |T ′ |/|P ′ |. Since |P ′ | can be measured directly through BR(B ± → π ± K), r allows the determination of the magnitude of the colour-allowed current-current amplitude T ′ . This quantity is interesting since it allows a test of the factorization hypothesis [18, 19] by comparing its experimentally determined value with (9) . Moreover, using again the SU(3) flavour symmetry, the magnitude of the correspondingb →ūud amplitude T contributing to B d → π + π − can also be determined:
which is important to correct for the uncertainties arising from penguins in the determination of the angle α of the unitarity triangle from the CP-violating observables of
Recently a simple approach to accomplish this task has been proposed in [27] , requiring |T | and BR(B + → π + K 0 ). The magnitude of the amplitude T allows us furthermore to constrain the colour-suppressedb →ūud current-current amplitude C through
where the magnitude of the decay amplitude [7, 9] A(B
can be determined by measuring the branching ratio for B + → π + π 0 . In particular the lower bound on |C| may be interesting to test whether the concept of "colour suppression", which plays an important role for many phenomenological considerations, is working in practice.
Physics Beyond the Standard Model
Let us focus in this section on a particular scenario of new physics [28, 29] , where the 
If the decay B s → K 0 K 0 is still dominated by the Standard Model contributions, the corresponding untagged transition rate (15) is modified as follows:
The striking difference to (15) is that the time evolution is now governed by two exponentials, and not just by e 
In the case of the latter quantity, a sign ambiguity shows up, since it cannot be decided experimentally which one of the two decay widths corresponds to Γ 
Consequently, the magnitude of ∆Γ s is reduced, and for cos 2φ
(s) new < 0 even its sign is reversed. An interesting implication of (55) and (57), which provides a nice consistency check, is the feature that the larger part R L,H of (55) enters always with a larger decay width Γ 
and takes the same form as (55), an interesting relation between B s → K 0 K 0 and
If one should find in future experiments that this relation is not satisfied, one would have indications for new-physics contributions to the B s → K 0 K 0 decay amplitude (see [8] new [20] . If one could perform a tagged analysis of these modes, also the sign of ∆Γ s ≡ Γ (s)
L could be fixed [20] . Assuming as in (55) 
Note that the new-physics contributions to a and b cancel in their sum R s ≡ a+b, taking the same form as (30 new , and if in addition (59) was confirmed. Using (56), it is straightforward to see that the strategy presented in the previous section can still be performed for such a scenario of new physics, i.e. that γ, r, r s , δ, δ s can still be determined simultaneously up to certain discrete ambiguities for a given value of the SU(3) breaking parameter ζ.
The corresponding general formulae are rather involved and it is not instructive to give them here. There is, however, an interesting special case. The amplitude ratios r, r s are expected to be of O(0.2), which is at the edge of compatibility with recent CLEO measurements [5, 6] . Since "factorization" for |T ′ |, |T ′ s | has been used to obtain these estimates, they are not on solid theoretical ground. Nevertheless, since b is of O(r 
where cos 2φ
new is given in (56) and
Consequently, within that approximation, the observables of the untagged B s → KK decay rates provide sufficient information to determine γ up to certain discrete ambiguities. One should keep it in mind, however, that new-physics contributions to B 0 s -B 0 s mixing result also in a reduction of the width difference |∆Γ s | (see (57)), which could make untagged analyses on the other hand more difficult.
Conclusions
In summary, we have seen that B u,d → πK and untagged B s → KK decays offer powerful tools to probe the CKM angle γ. It is possible to obtain theoretically reliable bounds on γ both from combined B d → π ∓ K ± , B ± → π ± K branching ratios and from the time evolution of untagged
To this end, in the former case the ratio R of combined B u,d → πK branching ratios has to be smaller than 1, while in the latter case a sizeable width difference ∆Γ s is required. These bounds on γ provide information complementary to the present range for this angle arising from the usual fits of the unitarity triangle and are hence of particular phenomenological interest.
Remarkably, the bounds arising from B s → KK can be shown to be even stronger than those from the combined B u,d → πK branching ratios.
In order to go beyond these bounds and to determine γ from the B u,d → πK and untagged B s → KK decays separately, the magnitudes of colour-allowed current-current amplitudes have to be known, leading to some model dependence of the corresponding values of γ. Such an input can be avoided, if one introduces a parameter ζ describing SU(3) breaking in the amplitude ratios r and r s due to different u, d and s spectatorquarks in the decays B u,d → πK and B s → KK. Using ζ = 1, which corresponds to the strict SU(3) limit, appears to be a rather mild SU(3) input. One may also vary ζ within a reasonable range to get some feeling for the sensitivity to possible SU(3) breaking. For a given value of ζ, the observables A CP and R of the decays
, and a and b of the time evolution of the untagged B s → K + K − , B s → K 0 K 0 modes allow a simultaneous determination of the CKM angle γ and the quantities r, r s , δ, δ s up to certain discrete ambiguities.
If future experiments should find that the time evolution of the untagged B s → K 0 K 0 rate is not governed by e There is, however, an important difference between these decays. Whereas the latter is tree-dominated and should be affected only to a small extent by new-physics contributions to the corresponding decay amplitudes, the former is a penguin-induced "rare" mode. The observables of the untagged rates of these decays provide an interesting test of whether new physics shows up only in B 0 s -B 0 s mixing, or also in the B s → K 0 K 0 decay amplitude. In the former case, it is still possible to extract γ and the quantities r, r s , δ, δ s up to discrete ambiguities by combining B u,d → πK and untagged B s → KK decays with the help of the SU(3) flavour symmetry. Moreover, the experimental analysis of these modes may become easier, although |∆Γ s | is reduced through new-physics contributions to B H t is no longer proportional to r 2 s , which is unfortunately expected to be small. In particular, a simple approximate result for tan γ can be obtained from the untagged B s → KK rates by neglecting terms of O(r 2 s ). At present, data for the B u,d → πK modes are already starting to become available. On the other hand, time-dependent experimental studies of B s decays are regarded as being very difficult, since in general rapid oscillatory ∆M s t-terms have to be resolved. These terms cancel, however, in untagged data samples of B s decays, which have played a major role in this paper. Here the width difference ∆Γ s provides an interesting tool to extract CKM phases. Such untagged studies are clearly much more promising, in terms of efficiency, acceptance and purity, than tagged measurements. However, a lot of statistics is required and hadron machines appear to be most promising for such experiments. The feasibility depends of course also crucially on a sizeable width difference ∆Γ s . Certainly time will tell whether it is large enough to constrain -and eventually extract -γ with the help of the B s → K 0 K 0 and B s → K + K − decays discussed in this paper. If we are lucky, these modes may even shed light on the physics beyond the Standard Model.
